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ABSTRAGT 
An investigation was conducted to determine the effect of geomet&$ scale 
on the damping in a practical beam-joint assembly* 
was utilized wherein the beam was bolted between two angle brackets at the 
support. Four geometrically similar assemblies, covering a scale range of 
approximately twenty to one, were tested. Free decay of the fundamental mode 
was measured over a range of joint clamping pressures and beam tip amplitudes. 
Also, damping changes resulting f r o m  the addition of liquid lubricants and 
viscoelastic films to the joint interfaces were investigated. 
that an increase in model size results in a decrease in damping attributed to 
the structural joint. 
dependent on vibration amplitude and to vary as an inverse function of joint 
clamping pressure. 
of liquid lubricants or viscoelastic films at the joint interfaces. 
A cantilever confiiguration 
Data indicate 
Furthermore, joint damping is shown to be slightly 
Joint damping m y  be substantially increased by the addition 
Dynamic models are often used to study the vibratory response of complex 
systems when full-scale testing is precluded by system size and/or cost. The 
usefulnees of model tests is dependent upon a knowledge of the proper scaling 
relationships required to extrapolate model data to the full-scale systems. 
2 
A considerable amount of information has been obtained on the scaling relation- 
ships for frequencies and mode shapes. 
W e 1  size or scale is largely unlrnawn and ofien either neglected or considered 
to be the same in both model and prototype. 
relationships for damping requires a knowledge of each of the damping mechanisms 
However, the variation of damping with 
The development of proper scaling 
tern such as material hysteresis (1, 2), air damping (3, 4) and joint 
damping (9, 6, 7), for example. 
joint damping are 09 particular importance since the major source of energy' 
dissipation in such systems (8) is usually attributed to structural interfaces 
In space systems, scaling relationships for 
i 
or joints. 
The purpose of this paper is to present the results of an experimental 
investigation of the nature and scaling of damping in a structural joint. 
joint damping of four cantilever systems, covering a geometric scale range of 
twenty to one, was examined. 
vibration amplitude, joint clamping pressure, and model scale, as well as 
the effect of interface lubricants and films on the magnitude of the danaping 
In structural joints. 
The 
Data are presented to show the effect of 
The apparatus used in this investigation is s h m  in figures 1 and 2. 
It consisted of four geometrically scaled beam bolted between correspondingly 
scaled angle brackets. The angle brackets were, in turn, clamped to a mssive 
concrete and steel suprting block giving a cantilever beam configuration. 
The four models had scale factors, A, of 1, .667, .333, and .053 with the beams 
3 
ranging from 5 feet down to 3.2 inches in overall length. 
brackets were made of 6061 aluminum alloy with all surfaces finished to 63 
micro-inches rinse 
aluminum and had a web welded to the center to provide rigidity. 
The beams and angle 
Each angle bracket was machined from a single piece of 
Three joint interface conditions were studied (dry, oil-coated, and 
viscoelastic-filIn-filled) in an effort to find a method for improving the 
inherent damping of both small and large scale systems. 
joint tests were performed on all four models whereas the effect of viscoelastic 
films was studied on the .667 assembly. 
tion, the interfaces were coated with a thin layer of oil before assembly. 
oils having viscosities of 150, 525, and 1400 centipoises were used. 
of viscoelastic film inserts was studied using three film materials - - 5  mil 
Teflon, lrail Mylar, and lmil polypropylene. 
of the Joint interface and placed in position during model assembly. 
The test procedure was essentially the same in all cases. 
The dry  and oil-coated 
Tn studying the effect of Joint lubrica- 
Three 
The effect 
The films were cut to the shape 
The total damping 
of the systems was measured at atmspheric pressure for a range of joint clamping 
pressures (by varying bolt tightening torque) and beam tip amplitudes. For a 
particular clamping pressure, the beam was deflected manually and released to 
oscillate in the first cantilever vibration mode. Oscillations of the beam were 
sensed by an electrical resistance strain gage attached to one side of the beam 
as shown in figure I. The strain gage was coupled, through an amplifier, to an 
electronic dampometer which is a device for determining the frequency and damping 
of a vfbrating system. 
as the amplitude decayed between preset limits. 
Basically, the dampmeter counted the number of cycles 
The logarithmic decrement, 6, 
4 
was then calculated from the equation 
t 
6 = log, Yn 
Yn + N N 
whem R was the number of cycles counted, yn was the amplitude at which 
counting started, and yn + 
In all tests the ratio of start to stop amplitude was maintained at 10/7 so 
that 
was the amplitude at which counting ceased. 
6 = L log, - 10 . 
N 7 
Since the damping was measured over a band Iyn, yn + N of the decay envelope, 
the logarithmic decrement was specified at the average amplitude of this band. 
Measurements were made at several amplitude levels for each bolt torque by 
varying the triggering voltage of the dampometer. 
initial deflection was given to the beam to allow transients to die out before 
the dampometer triggering amplitude was reached. 
least five times and the average value of the data was used in analysis. 
I I 
In all tests, sufficient 
Each test was repeated at 
Joint clamping pressures were calculated from the bolt tightening torques 
using the formula (9) 
where F is the clamping load per bolt, T is the torque, and I) is the bolt 
diameter. Converting to average clamping pressure produced on the joint by the 
four bolts, the fomula becomes 
5 
where P is the average clamping pressure and A is the joint interface 
area. 
interface. 
No allowance was made for variation of clamping pressure across the 
. MATEXML W I N G  CORSIDEDATION 
The determination of the magnitude of joint damping in a complex system 
involves the separation of the total damping into its various components. 
contribution to the total damping is that of material or hysteresis damping 
One 
within the material comprising the system. 
measurement of t h i s  material damping is difficult in complex systems such as 
Experimental separation and 
the one under study. 
has been verified for aluminum in experimental work by Granick and Stern (2). 
However, an analytical expression developed by Zener (1) 
Material damping in a cantilever beam was shown to be closely approximated by 
the equation 
where 
6, = logarithmic decrement for material damping, 
a = thermal coefficient of linear expansion, ~ P R ,  
E = modulus of elasticity, psi, 
T = absolute temperature, O R ,  
c = specific heat per unit volume, EQU/in.3-oR, 
= circular frequency of vibration, rad/sec, 
6 
and for a flat beam of uniform thickness 
where 
t = beam thickness, in., 
K = thermal conductivity, lBIPU/sec-oR-in. 
The material damping as predicted by this equation for the four beams 
tested in this joint damping study is shown as a Aurction of frequency in 
figure 3 on the left. 
resonant frequency is denoted for each beam by a circular symbol. 
damping values are replotted as a function of scale factor on the right in 
figure 3. 
Zener equation is essentially inversely proportional to scale. 
The magnitude of the material damping at the fundamental 
These resonant 
For the systems under study, material damping as predicted by the 
€'RESEXTATION AMD DISCUSSION OF RESULTS 
The test program consisted of an isolation and exanination of the damping 
for the variables: vibratory amplitude, joint clamping pressure, model scale, 
and interface condition (Le., dry,  lubricated, or film insert). 
of the damping on each of these variables is illustrated by representative data 
in the following sections. 
The dependency 
Dry Interface 
Effect of vibration amplitude.- The damping measured for the 0.667 scale 
model, which is typical of the four assemblies, is shown in figure 4. The 
total damping in terms of the log decrement, 6, is presented as a f'unction of 
7 
' 
the ratio of vibration displacement amplitude to beam thickness, y/t, for five 
values of joint clamping pressure. 
an increase in amplitude. 
in the joints but &so internal hysteresis and air damping, the question arises 
as to whether the joint damping per se is amplitude depndent. Several factors 
suaest %bat the joint damping is amplitude dependent. 
and 3, respectively, indicate that both the hysteretic and air-damping losses 
are amplitude independent for the range of amplitudes cmred by these tests. 
Secondly, the slope of the faired lines in figure 4 is observed to change with 
a change in clamping pressure (a variable affecting joint damping only) with 
a l l  other factors being held constant. 
The total damping increases linearlywith 
Since the total danping represents not only losses 
First, references 2 
Effect of joint clamping pr essure.- The damping for each of the models is 
presented as a fnnction of joint clamping pressure in figure 5. !Phese curves 
are cross plots of the damping-amplitude curves such as the previous example, 
figure 4. 
increased i n  law range; however, it levels out or approaches a constant value 
at relatively hi& clamping pressures. 
joint damping at high,stress levels gs negligible compared to the other or tare 
damping (the damping due to the surrounding air and internal hysteresis) in the 
system. 
The tots1 damping decreases rapidly as the clamping pressure is 
It will be assumed henceforth that the 
Thus, the magnitude of the joint danping at a particular pressure and 
itude is considered t o  be the difference between the measured value and the 
respective high clamping stress asymptote. 
Effect of scale.= Tbe variation of total damping with scale factor is 
sham in figure 6 for two values of the joint clamping pressure. 
data between the amplitude limits, y/t, of 0.03 to 0.08 fall within the indicated 
band. 
A l l  of the 
These data demonstrate that total damping increases With decreasing scale 
8 
factor resulting i n  substantially higher damping for the s 
trends of these curves are very similar t o  the variation of Htaterial damping 
with scale factor as predicted by Zener, which is repeated for  caparison 
purposes. 
ler models. The 
Tlie damping attributed t o  the joint, obtained by subtracting the respective 
high stress asymptote (fig. 5 )  f r o m  the above curves of t o t a l  damping (fig. 6), 
is presented as a function of scale factor i n  figure 7. 
also seen t o  be inversely propostional'to the scale factor. 
curve reveals that the joint damping values for the 0.333 and 0.053 scale models 
are several times higher than those of the larger models. These curves indicate 
The joint damping is 
&mination of the 
that caution should be used i n  extrapolating damping data obtained i n  tests of 
small models t o  full-scale systems. 
damping of the prototype is the same as i n  the model could lead t o  gross over- 
e s tba t e s  of the damping i n  the full-scale systems. 
The corrrmon practice of assuming that the 
Treated Interfaces 
Effect of oil.- I n  an effort  t o  alter the joint damping, the effect of 
interface lubricants were examined. 
where the  to t a l  damping for  the 0.667 scale model, with 150 cp o i l  added t o  
the joint interfaces, is  presented as a M c t i o n  of joint clamping pressure. 
For connparison purposes the "dry" data (fig. 5) are repeated. 
Typical results are shown i n  f i  
The dependency of the damping on clamping pressure is essential 
same i n  both the lubricated and the dry cases. 
the damping recorded for  the lubricated joint is  considerably higher. 
However, the magnitude of 
A 
phenomenon was reported i n  reference 10 where the deanping of a 
cantilever beam was substantially increased by the addition of grease a t  the 
root although the exact mechanism was not fu l ly  disewsed. 
9 
The dependency of the damping on amplitude, as indicated by the width of 
the band i n  figure 8, is higher for  the lubricated case. 
a l l  models except the 0.333 scale model for which there was l i t t l e  difference 
i n  amplitude dependencybetween the dry  and lubricated joints. Although data 
are not presented, the dependency of the  damping on amplitude was again found 
t o  be linear. 
This was noted for  
Also, tests conducted with the 525 and 1400 centipoise o i l s  
revealed no appreciable difference when compared w i t h  the damping in  the joint 
lubricated with the 150 cp oi l .  
The relative effect of o i l  on damping- for all four models is summarized 
i n  figure 9 where the ra t io  of t o t a l  damping with o i l  t o  that  without o i l  is 
plotted as a function of scale factor. A lubricant i s  shown t o  increase the 
damping in  a l l  but the smallest model where the addition of o i l  sl ightly 
decreased the damping. 
Effect of viscoelastic films.- The effect of adding viscoelastic film 
t o  the joint interfaces of the .667 scale laode1 is  i l lustrated i n  figure 10. 
I n  this figure, the range of t o t a l  damping obtained with each of the three 
film materials is sham together with those obtained in  the dry and lubricated 
joint cases i n  bar graph form. 
increase the damping although they are not significantly more effective than 
o i l  i n  this respect. 
The film materials are shown t o  substantially 
An investigation was conducted t o  determine the effect of geometric scale 
on the damping i n  the joint of a practical beam-joint assembly. 
brief study was made of the effect on joint damping of adding o i l  and viscoelastic 
In  addition, a 
10 
films to the joint interfaces. Within the range of variables considered in 
these studies, the following conclusiogs were noted: 
1. The damping attributed to the structural joint increases essentially 
linearly with vibration aanpLitu.de for any given joint clamping pressure. 
2. Total damping decreases with increasing joint clamping pressure for 
law clamping pressures but becomes essentially invariant at high pressures. 
3. Both the total damping of the assembly and the joint aping increase 
considerably with a decrease in geometric scale. 
4. The addition of oil to joint interfaces can, depending on model size, 
increase damping over that of the dry joint case. 
inserted between joint interfaces are also effective in increasing damping but 
Thin viscoelastic films 
not significantly mre so than oil. 
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